Abstract: Heulandite-Ba, ideally (Ba,Ca,Sr,K,Na) 5 Al 9 Si 27 O 72 ·22H 2 O, is a new zeolite species in the heulandite series, occurring as an accessory mineral in hydrothermal veins of the Kongsberg silver deposit type at the Northern Ravnås prospect, southern Vinoren, 14 km NNW of Kongsberg town, Kongsberg ore district, Flesberg community, Buskerud county, Norway. The mineral has also been found at the Bratteskjerpet mine, Saggrenda near Kongsberg, and in hydrothermal veins in quartzite at Sjoa in Sel community, Oppland county. Heulandite-Ba occurs as well developed, thick tabular, trapezoidal crystals up to 4 mm across, showing the forms {100}, {010}, {001}, 111} and {201}. The mineral is colourless to white, rarely very pale yellowish white or pale beige, with a white streak; transparent to translucent, with a vitreous lustre, pearly on {010}. The mineral has a perfect {010} cleavage; subconchoidal to uneven fracture. It is non-fluorescent in long-or short-wave ultraviolet light. The Mohs' hardness is 3½; D meas = 2.35 (1) (-621). The crystal structure refinements (R = 3.5 %) of heulandite-Ba were done in space groups C2/m, Cm, C2, and C1, but refinements in space groups with lower symmetry than C2/m did not improve the structural model.
Introduction
Heulandite was first described by Brooke (1822) , and has generally been considered as a calcium dominant zeolite. Over the years, however, chemical analyses reveal that other extra-framework cations may be dominant. As a consequence, with the establishment of series among the zeolites, International Mineralogical Association, Commission on New Mineral and Mineral Names, introduced four species among the heulandite series (Coombs et al., 1997) : heulandite-Ca, heulandite-Sr, heulandite-Na and heulandite-K.
Clinoptilolite is an isostructural zeolite mineral that differs from heulandite for a lower concentration of Al. Coombs et al. (1997) suggested to distinguish between heulandite and clinoptilolite on the basis of the Si/Al ratio. Alrich crystals with Si/Al < 4.0 are heulandites, the less aluminous ones (Si/Al & 4.0) are regarded as clinoptilolites.
Significant amount of barium in heulandite has been reported from a few localities. Lovisato (1897) used the term barium heulandite (heulandite baritica) for a barium-bearing heulandite from Sardinia, Italy. The reported chemical analysis showed a content of 2.55 wt.% BaO, and the chemical formula based on his analysis is (Na 3.02 Ca 1.84 Ba 0.48 ) 7 5.34 Al 9.46 Si 27.00 O 72 ·27.08H 2 O. The mineral is a calcian heulandite-Na, and barium is only a minor component. The name barium heulandite has also been used by Mnatsakanyan et al. (1970) for a barium bearing heulandite-Ca with the chemical formula (Ca 3.65 Ba 0.18 Sr 0.14 Na 0.99 K 0.72 ) 7 5.68 Al 9.90 Si 26.37 O 72 ·23.85H 2 O, although this mineral has even less Ba than that of Lovisato (1897) . Ogawa (1967) reported a heulandite with 4.8 wt.% BaO from Japan. Černý & Povondra (1969) reported a strontian heulandite-Ca with 2.44 wt.% BaO from Czechoslovakia, while Miller & Ghent (1973) described a barian-strontian heulandite-Ca from Alberta, Canada, with a barium content varying from 4.6 to 6.9 wt.% BaO.
During an investigation on minerals of the brewsterite series and their associated minerals in Norway , the first barium dominant heulandite, heulandite-Ba, was discovered at the Northern Ravnås silver prospect, southern Vinoren, Flesberg community, Buskerud county, Norway. The occurrence is situated 14 km NNW of Kongsberg town, within the Kongsberg ore district. Further investigations revealed that heulandite-Ba also occurred at the Bratteskjerpet silver mine, near Saggrenda 7 km SW of Kongsberg town, and in a road cut at Sjoa, Sel community, Oppland county.
The name heulandite-Ba is in accordance with the nomenclature for new species of previously known zeolite series, using the root name and a suffix including a hyphen and the chemical symbol of the dominant extra-framework cation (Coombs et al., 1997) . The new mineral species and its name have been approved by the Commission on New Minerals and Mineral Names, International Mineralogical Association (CNMMN no. 2003-001) . The holotype specimen of heulandite-Ba from the Northern Ravnås prospect is housed in the collection of Geological Museum, University of Oslo (Catalogue No. 33929 ).
Heulandite-Ba occurrences
The heulandite-Ba type locality, the Northern Ravnås prospect, is situated within the Kongsberg ore district, which comprises an area of about 30 km in length (in a northsouth direction) and 15 km in width. The district is dominated by strongly metamorphosed and tectonized rocks, mainly quartz-plagioclase-biotite gneisses, mica and chlorite schists, amphibolites (metagabbros and metadolerites), and granite gneisses (Bugge, 1917; Starmer, 1985) . Roughly parallel to the north -south strike of the rocks are zones (called fahlbands) with disseminated sulphides, predominantly pyrite and pyrrhotite. Age determinations on gneisses have indicated two episodes of metamorphism, about 1600 Ma and 1100-1200 Ma, respectively (Jacobsen & Heier, 1978) The Precambrian rocks are cut by Permian dolerite dykes, hydrothermal quartz veins and calcite veins deposited along fissures and faults caused by the development of the Oslo Rift (Ihlen, 1986) . The silver occurrences are generally found at the intersections between the calcite veins and the fahlbands. The calcite veins normally dip steeply, and most of them have an east -west strike. They measure from a fraction of a millimetre up to about 50 cm in width, and mostly from a few metres to 100 m in length. Brecciation within the veins is common. According to Segalstad (1985 and the vein minerals were precipitated from hydrothermal solutions at temperatures in the range 200-300 o C and a salinity between 0 and 35 wt.% NaCl-equivalents at depths between 3 and 4 km, with a hydrostatic pressure (from a fluid column) of about 350 atmospheres. Important constituents in the silver bearing calcite veins are quartz, barite, fluorite, native silver, argentite, pyrite, sphalerite, chalcopyrite and coal blende (bitumen), but many other minerals are present in small amounts (Neumann, 1944; Johnsen, 1986 and Bancroft et al., 2001) . Many minerals occur in more than one generation.
The Kongsberg Silver Mines were in operation 1623-1958, being historically the largest mining enterprise in Norway. About 300 mines and prospects have been in operation within the Kongsberg ore district (Moen, 1967; Berg, 1998; Helleberg, 2000) .
At the Northern Ravnås prospect, heulandite-Ba occurs in calcite-quartz veins of the Kongsberg silver ore type. The veins range from a few mm to 10 cm in thickness. Barite, pyrite, chalcopyrite, sphalerite, galena, silver, acanthite and fluorite are also present. Late stage minerals include zeolites of the brewsterite series, the heulandite series, and harmotome. A late generation calcite usually filled the last empty space in the hydrothermal veins, although small cavities are still quite frequently observed.
The find of barium dominant zeolites at Vinoren promted a re-investigation of previously found heulandites, as well as new search on mine dumps . Subsequently, heulandite-Ba with transition to heulandite-Ca was identified in samples from the dumps of the Bratteskjerpet mine near Saggrenda, in the southern part of the Kongsberg ore district. Also at this locality, the minerals of the heulandite series are associated with minerals of the brewsterite series, harmotome, calcite and minor pyrite.
Strongly zoned crystals composed of heulandite Ba, heulandite-Sr and heulandite-Ca together with quartz, hematite, rutile, anatase, chlorite, albite and minerals of the brewsterite series, were discovered in a sample from a roadcut south of Åmot farm, Sjoa, Sel community, Oppland county, Norway. The mineralization occurs along NE-SW striking, nearly vertical fissures in a metasandstone of late-Precambrian age, metamorphosed during the Caledonian orogeny (Strand, 1951 and Siedlecka et al., 1987) . The deposit represents a low-temperature, alpine vein mineralization, and the hydrothermal solutions were probably active during the Caledonian orogeny.
Morphology, physical and optical properties
Heulandite-Ba from the Northern Ravnås prospect occurs as well developed, thick tabular, trapezoidal crystals up to 4 mm across, dominated by the pinacoids {100}, {010} and {001}, modified by {111} and {201}. Aggregates of intergrown crystals up to a few cm across are quite common. Heulandite-Ba from the Bratteskjerpet mine and Sjoa has generally a similar morphology, but the size of the individual crystals is smaller, usually less than 1 mm across. The typical habit of heulandite-Ba crystals is shown in Fig. 1 .
Heulandite-Ba is colourless to white, rarely very pale yellowish white or pale beige. The streak is white. It is transparent to translucent with a vitreous lustre, pearly on {010}. The mineral has a perfect {010} cleavage. The fracture is Table 1 . Chemical composition (in oxide weight-%) of minerals of the heulandite series from Northern Ravnås prospect (R1 with compositional ranges in parentheses -R5), Bratteskjerpet mine (B1-B6) and Sjoa (S1-S3), corresponding number of atoms per formula unit based on 72 framework oxygen atoms, and balance error (E %) according to Alietti et al. (1977 subconchoidal to uneven. No fluorescence in long-or shortwave ultraviolet light was observed. The Mohs' hardness is 3½. The measured density, determined by the sink/float method using di-iodomethane diluted with acetone, is 2.35(1) g/cm 3 . The same value, 2.350 g/cm 3 , is calculated from the empirical formula, refined cell dimensions (based on XRD powder data), and Z = 1. Finely ground heulanditeBa easily decomposes in warm 6M HCl, leaving silica as a powder. The mineral is rather resistant to cold, diluted acid. Heulandite-Ba is biaxial positive. The following refractive indices for † = 589 nm were determined by means of the microrefractometer spindle-stage, using calcite as refractometer crystal (Medenbach, 1985) and under the application of the † -T variation method to be: n [ = 1.5056(5), n q = 1.5064(5) and n * = 1.5150(5); 2 = 0.0094, n (mean) = 1.5090. 2V * calculated = 34.1°, 2V * measured directly on the spindle stage = 38(1)°. Heulandite-Ba shows a distinct dispersion, r > v. Both the refractive indices and 2V * are in good agreement with the values given for ordinary heulandite (heulandite-Ca) and in particular with those given for strontian heulandite (Černý & Povonda, 1969; Lucchetti et al., 1982) . According to Palmer & Gunter (2000) , as well as previous authors, the mean refractive index of natural divalent-exchanged heulandite series zeolites increases with increasing atomic number, and the refractive index parallel to b, in casu * , increases at a greater rate than the refractive indices in (010). The refractive indices of heulandite-Ba confirm their results. The refractive indices of heulandite-Ba also confirm the results of Boles (1972) that samples with Si/Al ratio e 3.5 corresponds to the highest values of the mean refractive indices of heulandite series minerals. Heulandite-Ba has [ , c varying from ≅ 39°to ≅ 51°in obtuse angle q , * = b. The optical orientation for original heulandite (heulandite-Ca) given in most literature, [ , a = 0 -34°and q , c = 0 -32°(see for instance Tröger, 1982) refers to an orthorhombic pseudocell with q ≅ 91½°. When referred to the monoclinic cell, currently accepted for original heulandite (heulandite-Ca), this corresponds to [ , c = 0 to 34°in obtuse angle q , and q , a = 26½°in obtuse angle q to 7½°in acute angle q . The optical orientation of heulandite-Ba thus corresponds well with that of ordinary heulandite (heulandite-Ca), and in particular with the optical orientation given byČerný & Provodra (1969) for the predominant part of strontian heulandite crystals studied, disregarding some extreme values they obtained in a limited rim zone of one growth sector. Heulandite-Ba shows complicated sector zoning with ti- ny differences in refractive indices between some of the zones; twinning has been observed in a few cases. A Gladstone-Dale calculation gives a compatibility index of 0.011, which is regarded as superior (Mandarino, 1981) .
Chemical composition
Chemical analyses of heulandites were carried out by means of a CAMECA SX-100 electron microprobe, operating in wavelength-dispersive mode. The operating conditions were as follows: operating voltage 15 kV, beam current 5 nA, and a beam diameter of 20 µm. The following standards were used:
Count times for all elements were 10 seconds, exept for K (20 seconds). The water content is derived from the thermogravimetric analysis. The analytical results are given in Table 1 .
Backscatter images show that heulandite from the Northern Ravnås prospect is compositionally heterogeneous with an irregular patchy or mottled structure. The mean chemical composition (14 analysis points) of the dominating part of the heulandite-Ba crystal individuals corresponds to the formula (based on 72 framework oxygen atoms) ( Heulandite from the Bratteskjerpet mine is chemically heterogeneous, shown by backscatter images as a mottled and patchy structure, and with a discrete outer rim in the crystals. The mineral consists of calcian heulandite-Ba interwoven with barian strontian heulandite-Ca (Table 1 , analyses B1-B5). The rim is a calcian heulandite-Ba (Table 1 , analysis B6).
Backscatter images of heulandite from Sjoa show that the crystals are strongly zoned, and often showing oscillatory crystallization (Fig. 2) . The inner part of the crystals is strontian heulandite-Ca (Table 1 , analysis S1). Discrete zones outwards are composed of calcian heulandite-Sr of varied composition (represented by analysis S2 in Table 1 ). The outer part of the crystals, with relatively sharp boundary against the inner part, is heulandite-Ba (Table 1, analysis  S3 ). This is the most barium rich member of the heulandite series ever observed (16.57 wt.% BaO). A compilation of 22 analysis points, showing the variation in composition among the extra-framework divalent cations, is given in Fig.  3 . The levels of concentration of Ca and Sr display an inverse correlation towards Ba, and clearly demonstrate the complete solid solution of these elements in heulandite.
The reliability of the zeolite compositions is demonstrated by the balance errors E which are < 10% for all the analysed heulandites (Alietti et al., 1977) .
The thermogravimetric analysis of heulandite-Ba from the Northern Ravnås prospect was done using a Mettler TG50 instrument linked to a Mettler M3 microbalance. Nitrogen was used as a purge gas, with a flow rate of 100 mL/ min. Finely ground sample (7.3650 mg) was heated from 35°C to 1000°C at a heating rate of 40°C per minute. The thermogravimetric curve is shown in Fig. 4 . Weight loss occurred in three steps: 1) 35-250°C, 8.2 wt.% loss, corresponding to 13.6 H 2 O, 2) 250-520°C, 3.4 wt.% loss, corresponding to 5.6 H 2 O, and 3) 520-815°C, 1.5 wt.% loss, corresponding to 2.5 H 2 O. A total of 13.1 wt.% loss occurred between 35°C and 1000°C, and this value is assumed as the total amount of water in heulandite-Ba. Above 900°C there was a minor, but gradual loss of weight, probably due to evaporation of alkali. The trippel-stage decomposition of heulandite-Ba, caused by differences in water bonding, is typical to that of many heulandites (Gottardi & Galli, 1985) .
Heulandite-Ba from the Northern Ravnås prospect was handpicked under a binocular microscope. The material was treated with diluted hydrochloric acid in order to remove traces of calcite. Carefully washed and air dried material was ground, pressed into a KBr pellet, and the infrared spectrum was recorded over the region 400-4000 cm -1 using a Perkin Elmer S-2000 FT-IR spectrometer (Fig. 5) . The spectrum shows broad absorption bands at 3603 cm -1 and 3459 cm -1 (O-H stretching), and a sharp absorption band at 1631 cm -1 (H-O-H bending). Bands due to absorption by tetrahedral bonds appear at (cm -1 , w -weak, m -medium. sstrong, b -broad) 1192 w, 1030 sb, 778 w, 718 m, 661 w, 597 m, 519 w and 456 m.
X-ray crystallography and crystal structure determination Experimental procedures and results
X-ray powder diffraction data on heulandite-Ba from the Northern Ravnås prospect were obtained using a Philips X'pert diffractometer equipped with automatic divergence slits and diffracted-beam graphite monochromator (CuK [ 1 radiation, † = 1.54056 Å). Data were collected from 3°to 70°2 ' in steps of 0.01°2 ' and 5 s counting time per step. Si (NBS 640a) was used for calibration of the diffractometer. The X-ray powder diffraction data is shown in Table 2 . Indexing and least squares refinement were done by the program CELREF (Laugier & Bochu, 1999) . The unit cell dimensions found are a = 17.762(3) Å, b = 17.904(2) Å, c = 7.422(1) Å, q = 116.49(1)°, and V = 2112.5 Å 3 , which is slightly different from the unit cell dimensions found by the crystal structure refinement: a = 17.738(3) Å, b = 17.856(2) Å, c = 7.419(1) Å, q = 116.55(2)°, and V = 2102.0 Å 3 . The differences are probably due to variations in chemical composition among the material used for the investigations. Calculation of a powder diffraction pattern using the program POWDERCELL (Kraus & Nolze, 1996) shows that heulandite-Ba has ' 130 lines with intensity >1 in the region 5-70°2 ' , most of them above 35°2 ' . Obtaining a high quality X-ray powder pattern by a conventional Bragg-Brentano diffractometer is therefore problematic because of insufficient resolution. The pow- der diffraction pattern in Table 2 reports only well discernible lines. The crystal structure of heulandite-Ba from the Northern Ravnås prospect was studied by single-crystal X-ray diffraction on an Enraf-Nonius CAD4 diffractometer with graphite-monochromated MoK [ radiation at 293 K. Data reduction, including background and Lorentz-polarization corrections and an empirical absorption correction based on -scans, was performed using the Enraf Nonius SDP program library (Enraf Nonius, 1983) . The structure was refined on F 2 by least squares method using the program SHELXTL (Sheldrick, 1997) in space group C2/m and the subgroups C2, Cm, and C1. Refinements in space groups of lower symmetry, however, did not improve the accuracy of the structure model. Refinement in C2/m yielded an R1 value of 3.5 %. Detailed information on the data collection and structure refinement are summarized in Table 3 . In the following description tetrahedral cation sites (Si, Al) are labelled with T, framework oxygens with O, extra-framework cations with the appropriate chemical symbol (Ba, Ca, Na, K) , and oxygen atoms of extra-framework H 2 O molecules with W. the electron microprobe analysis no Sr was found. Instead higher populations of the Ca, and in particular K sites, were refined, which is probably caused by partial, but highly disordered, presence of Sr on the same sites. The sum of electrons of the extra-framework sites (XRD: 187.5 e -pfu, EM-PA: 189.7 e -pfu), however, is almost identical, and thus XRD and EMP experiments are in good agreement.
Extra-framework cations were distinguished from H 2 O molecules on the basis of small atomic displacement parameters, as well as appropriate bonding distances to framework oxygens. From various studies describing the cation distribution in natural heulandite/clinoptilolite (Armbruster & Gunter, 2001) , we know that the preferred location of a cation in the pore system depends on its ionic radius, therefore the A channel generally contains a Na site (ionic radius 1.16 Å in octahedral coordination) close to the channel wall. This site often also contains Ca (ionic radius 1.14 Å). The Ca site in the B channel is usually Na free, and a K site is located close to the intersection of the A and the C channel. This information, as well as the similarity of the ionic radii of K and Ba, led us to the assumption of a preferred accumulation of Ba in the centre of the C ring, and served as an initial model for the extra-framework cation arrangement.
The tetrahedral framework
The tetrahedral framework of heulandite-Ba shows the common HEU topology forming a two-dimensional system of connected cavities, which leads to three types of structural channels: (i) a ten-membered A channel parallel to the c Table 4 . Final atomic positional parameters and B eq values (standard deviations in parentheses) for heulandite-Ba. (5) 4.74* Starred atoms were refined isotropically. Anisotropically refined atoms are given in the form of the isotropic equivalent thermal parameter defined as B eq = 8/3 ' 2 7 i ( 7 j (U ij a i * a j * a i a j )). axis, (ii) an eight-membered B channel parallel to the c axis, (iii) eight-membered C channels parallel to the a axis and [102] . The structure of heulandite-Ba was refined in the monoclinic space group C2/m, and the data set shows an acceptable quality compared to heulandite structure refinements by Yang & Armbruster (1996) and . Atom coordinates, occupancies, and B eq values, as well as anisotropic displacement parameters are listed in Table 4 and Table 5 , respectively.
For this study, the comparison of our natural heulanditeBa with the structure refinement of a Ba-exchanged clinoptilolite performed by Petrov et al. (1985) is of particular interest. The Ba content in the exchanged sample is 2.54 Ba atoms per formula unit (pfu) normalized to 72 O, and 2.49 Ba atoms pfu in our natural sample. Although the cell dimensions of our sample deviate slightly from both the original and exchanged material reported by Petrov et al. (1985) , the cell volumes coincide within two standard deviations.
To identify T-sites with high Al concentration we use the average bond length in tetrahedra from central cation to ligands (Si-O = 1.61 Å, Al-O = 1.75 Å) (Kunz & Armbruster, 1990; Alberti & Gottardi, 1988) . As shown in Table 6 , T2 has the highest Al concentration, while T4 has almost ideal Si-O distances. Therefore it is to be expected that extra- framework cations preferentially bond to T2 ligands to compensate the charge imbalance caused by the substitution of Al 3+ for Si 4+ . Armbruster (2001) reported that asymmetric distribution of Al is also reflected in asymmetric distribution of extra-framework cations, and although the Si, Al arrangement is usually not sufficient to influence the symmetry of the HEU framework, asymmetric distribution of extra-framework cations can induce a symmetry lowering . However, Yang & Armbruster (1996) and reported that this kind of symmetry lowering can only be detected in homoionic cation exchanged structures. In heulandite-Ba there is no indication of symmetry lowering relative to space group C2/m.
Distortions of the framework are commonly described by angles between corner sharing tetrahedra. T-O-T connections are stable in the range from approximately 135°to 170° (Gibbs, 1982) . At lower angles the repulsive forces between T sites become too strong to form a stable framework. In heulandite-Ba all angles are between 136.0°and 161.9° (  Table 7) .
The extra-framework sites
The extra-framework cation arrangement is directly related to the Si, Al distribution on tetrahedral sites. As expected from the high Al concentration on T2, three cation sites, Ba1, Ba2, and K, were found near the centre of the C ring ( Fig. 6 and 7) . All detected cation sites lie on the mirror plane. Ba1, with the highest Ba population of 36 %, bonds to four framework oxygen atoms and is coordinated by the four highly populated H 2 O sites W4, W5 (2×), and W6 (Fig.  7, left) . At a distance from 1.92 Å to Ba1 a less populated site Ba2 (19 %) is located close to the centre of the C ring as well (Fig. 7, middle) . This site bonds to five tetrahedral framework oxygens and is also coordinated by four less populated H 2 O sites W4, W7 or W1 (2×), and W8. Bonding distances range from 2.54(2) to 3.08(1) Å for Ba1, and from 2.86(2) to 3.20(2) Å for Ba2, respectively, and thus lie in the acceptable range for Ba-O bond lengths. A third site la- belled K is also part of the cluster at the intersection of the A and C channel (Fig. 7, right) . It contains K, Sr, and minor Ba, and bonds to four framework oxygens and to additional H 2 O molecules. Atomic displacement parameters and their standard deviations of this site are significantly higher compared to all other extra-framework cation sites (see Table 5 ), indicating overlap of different atomic species such as Sr, K, and Ba. This fact was not considered in the structure refinement, instead, the K site was treated as if it was partially occupied by K + . Since minor Sr and Ba share the site, the refinement results in a too high concentration of K. Fig. 8 . A polyhedral representation of the structure of Ba-exchanged clinoptilolite described by Petrov et al. (1985) is shown in a projection parallel to [001] . Ions drawn in broken lines (Na and Mg) represent sites with occupancies close to the detection limit (symmetric equivalent sites are only labelled once). All Ba is located in a cluster in the C ring (K + Ba1, Ba2). The fact that less H 2 O sites were found by Petrov et al. can probably be explained by the lower resolution of powder X-ray structure refinements compared to single-crystal X-ray data. The cation composition in the B channel agrees with other structure refinements of natural heulandites/clinoptilolites (Armbruster & Gunter, 1991) : Two unique sites labelled Ca and Na are occupied by the corresponding elements to 39 % and 5 %, respectively. The distance between the two positions amounts to 0.61 Å, thus neighbouring sites cannot be occupied simultaneously. Although Armbruster & Gunter (2001) reported that Na in the B channel is very uncommon, small amounts are reasonable due to the very similar atomic radii of Na and Ca. Na sites in the B channel are also known from Na-exchanged heulandites (Yang & Armbruster, 1996) . Both Ca and Na form three bonds to framework oxygens and to the partially occupied H 2 O sites W1, W7, and W3, the latter being situated on the intersection of the mirror plane and the twofold axis. The distance between the H 2 O sites W1 and W7, with occupancies 75 % and 25 %, respectively, amounts to 0.74 Å and again inhibits simultaneous occupancy of both sites. The two sites, however, can be regarded as a fully occupied H 2 O site that is split into two parts. A list of interatomic bonding distances of the extraframework cation sites to the coordinating oxygen atoms is shown in Table 8 . The extra-framework sites Na, W2, W7, and W8 were refined isotropically due to their low populations.
Prior to this study, heulandites/clinoptilolites with high Ba concentrations were only known from cation-exchange experiments. The structure of an exchanged clinoptilolite sample with the formula (Ba 2.54 Ca 0.42 Mg 0.18 K 0.34 Na 0.10 ) 7 3.58 (Al 6.20 Si 29.62 ) 7 35.82 O 72 ·19.7H 2 O was refined from powder Xray diffraction data and described by Petrov et al. (1985) and shown in Fig. 8 . Surprisingly, our natural sample has almost the same Ba concentration (2.49 Ba pfu). The cation distribution in the channels is nearly identical: In both samples all Ba is accumulated in the centre of the C ring distributed among three cation sites, one of which is shared by two elements. Our K site (containing K, Sr, and minor Ba) is occupied by Ba in the exchanged sample and located closer to the centre of the B channel. Our Ba2 site is shared by Ba and K, and our Ba1 site contains only minor amounts of Na in the structure described by Petrov et al. (1985) . The weakly occupied Na site in the B channel is not present in the exchanged sample. Instead a very low-populated Mg site in the centre of the A channel (on the intersection of the twofold axis and the mirror plane) was found. In general, the location of the cation sites of both structures roughly agrees, apart from the very low-populated sites close to the detection limit. Differences are found in the distribution of the elements on the clustered sites in the C ring.
